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Background: Carotid artery stenting (CAS) in high-surgical-risk patients is considered 
as an effective alternative to carotid endarterectomy. Since the occurrence of distal 
embolization with CAS is still major concern, embolus protection device is usually 
employed during the procedure. We developed a technique for observation of embolus 
protection filter and evaluate the debris or thrombus microscopically, and the 
pathological findings were compared with preoperative imaging studies.  
Patients and Methods: After completing CAS, filter membrane was stained with 
hematoxylin & eosin (HE) solution and removed from filer strut. Mounting onto a glass 
slide, filter was evaluated under microscope. Plaque debris and appearance of filter 
membrane were evaluated and the covered area was measured. The pathological 
findings were compared with preoperative imaging studies.  
Results: Microscopical observation of the slide revealed atheromatous debris as well as 
thrombotic material to the filter membrane. HE stain facilitates the characterization of 
the debris composition, namely thrombotic debris, calicified debris, organized debris, 
fibrous debris, lipid-rich debris. The subtypes of debris were consistent with 
preoperative imaging studies. Thus. in cases of intraprocedural flow impairment, more 
than 50% of filter area was covered with debris or thrombotic material.  
Conclusion: Carotid plaque debris captured during carotid stenting with protection 
filter can be visualized with HE stain on the glass side. This simple method allows us to 
better understand plaque debris and appearance of embolus protection filter.  
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Percutaneous endovascular intervention is a well-accepted treatment for atherosclerotic 
stenosis of carotid arteries. Distal embolism is always a feared complication during 
endovascular procedures in carotid arteries (2, 10, 16). This high propensity for embolic 
plaque debris led to the development of distal protection techniques to be used during 
endovascular procedures performed for lesions of the carotid bifurcation (12, 13, 15).  
We have ever reported a debris observation technique for aspirated blood sample from 
carotid artery stenting (CAS) using occlusion balloon system (5). Here we modified this 
technique for filter-protected CAS and evaluated the quality of debris and appearance of 
embolus protection filter comparing with preoperative imaging studies.  
 
Patients and Methods 
 
Carotid artery stenting was performed for patient with high-grade internal carotid artery 
stenosis. The anticoagulant and antithrombotic protocol comprised administration of 
200 mg of aspirin and 75 mg of clopidogrel at least 3 days before the procedure. 
Intra-arterial heparin bolus at the beginning of the procedure (70-100 IU/kg body 
weight) maintained an activated coagulation time of 300 s. All procedure were 
performed via the femoral approach using an 8 Fr guiding catheter. Angioguard embolus 
protection filter (Cordis Corporation, Miami Lakes, FL, USA) was employed to prevent 
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distal embolism during stenting. Following predilation, Precise self-expandable stent 
(Cordis Corporation) was positioned covering stenotic portion and deployed. After stent 
deployment, postdilation was performed with a balloon matched to the distal reference 
vessel diameter in order to achieve optimal stenting result (nominal balloon diameter 5 
mm, inflation pressure 12-14 atm). Completing the procedure, filter device was 
retrieved with capture sheath. Then, the filter membrane was submitted for analysis. Ten 
samples were processed without difficulty.   
Larger piece of debris were visible by the naked eye. After brief washing with 
distilled water, the filter was placed Mayer’s hematoxylin solution for 1 minutes, and 
then placed in eosin for another 1 minute with brief wash in between procedures (Fig. 
1A). Subsequently, the filter membrane was cut off from the strut and mounted onto a 
glass slide using paramount (Fig. 1B). Finally, the hematoxylin & eosin (HE)-stained 
debris on the filter could be visualized using light microscopy. The subtype of debris 
was classified and the area covered with plaque debris or thrombotic material was 
measured with NIH image.  
Preoperatively, the stenotic lesion was evaluated with ultrasonography, CT 
angiography and high-resolution MRI. The calcification level of the plaque was graded 
no (-), minor (+), moderate (++) and severe (+++). For the T1 weighted 
two-dimentional fast-spin echo, the TR/TE was 800/11 ms and the echo train length was 
4. Fat suppression was used and the in-plane resolution was 0.5 mm. Assessments were 
made by an independent observer in a blinded fashion.  Postoperatively, the results of 





Case description and debris subtype 
A 80-year-old man (Case 9) who had a history of hypertension and 
hypercholesterolemia presented our hospital because of left amourosis fugax. 
Angiography showed high-grade stenosis at the origin of the left internal carotid artery 
(ICA; Fig. 2A). The stenotic lesion was demonstrated as high-density lesion with CT 
angiography and was graded as severe calcification (Fig. 2B). High-resolution MRI 
showed isointensity plaque, indicating stable plaque (Fig. 2C). CAS was performed for 
the left ICA stenosis using embolus protection filter. Self-expandable stent was placed 
into the left ICA following predilation (Fig. 2D). Intraprocedural angiography showed 
impairment of blood flow i.e. slow flow phenomenon. The debris containing blood 
stasis was removed with aspiration catheter and the flow was restarted retrieving the 
filter. Postoprocedural control angiography showed excellent widening of the stenosis 
(Fig. 2E). The filter membrane was examined and the covered area was measured as 
63.7% (Fig. 2F). Hypermagnification of the debris demonstrated irregular hard debris 
categorized as organized debris (Fig. 2G). Thus, hypermagnification of the filter 
membrane showed thrombotic material to the pore or numerous cells adhesion to the 
membrane (Fig. 2H).  
In case 7, ultrasonography showed hypoechoic lesion and high-resolution 
MRI showed hyperintensity plaque, which indicated vulnerable lesion, and greater 
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abundance of lipid-rich debris, which was soft and yellowish, was revealed on the 
embolus protection filter (Fig. 3A). Postoperative diffusion weighted MRI showed 
multiple hyperintensity lesion, indicating shower embolism. In radiation induced 
stenosis, high resolution MRI showed isointesity lesion, which indicated stable plaque. 
Under microscope, fusiform cells with fibrous tissue were identified in the debris and 
was categorized as fibrous debris (Case 5; Fig. 3B). Calcified debris, which was hard 
and stained with hematoxylin, was dominant in the material from hyperechoic lesion 
(Fig. 3C). And thrombotic debris stained with eosin was seen in the heterogeneous 
echoic lesion (Fig. 3D).  
 
The patient characteristics and preoperative imaging study were listed in 
Table 1 and the results of debris analysis were listed in Table 2. The results of debris 
observation appeared to be consistent with preoperative imaging studies. The area 
covered with plaque debris or thrombotic material was 43.5% (mean [range 18.5% to 
88.5%]). The blood flow was impaired intraoperatively in four cases and 88.5% of filter 
area was covered in case of no-flow. In three cases of slow-flow phenomenon, more 
than 50% of area was covered. Finally, this debris observation technique required 
neither specific instrumentation nor equipment and the slides were suitable for 





Recently, CAS has been introduced as an alternative revascularization modality for 
patients with symptomatic or asymptomatic high-degree stenosis in the extracranial 
carotid arteries. Several randomized studies and registries have shown similar outcomes 
when compared with carotid endarterectomy in high-risk populations (17, 18). Emboli 
are known to be associated with a high neurological complication rate and are also 
recognized as a potential cause of periprocedural stroke during CAS. Currently, to avoid 
embolization, the distal trapping technique using balloon or filter device has been 
developed (12, 13, 15).  
Regarding with debris analysis, Rogers et al. (14) and Hill et al. (7) reported 
the volume and sized of particulate debris which were retrieved during saphenous vein 
graft stenting or CAS. They analyzed debris using microparticle analyzer and found that 
most particle were < 100 μm. Only a few studies give a detailed morphological 
evaluation of the material retrieved during percutaneous procedure. Angelini et al. (1) 
reported collection and histopathologic analysis of carotid debris from CAS. They 
showed scanning electron micrographic image and cross section of the filter membrane, 
identifying necrotic material, calcium precipitate, cholesterol clefts, fibrotic tissue 
fragments and evidence of platelet. Maleux et al. (11) collected debris with 
centrifugation and embedded into paraffin. And they observed the section of debris 
precipitate with HE stain. Although they revealed significant findings of plaque debris, 
their technique required special instruments or equipment, and appeared not to be 
standard technique for debris analysis.    
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We have ever reported a debris observation technique for blood sample from 
CAS with guardwire system and modified this technique for embolus protection filter in 
this research. After HE staining, the filter membrane was cut off from strut and mounted 
on a glass slide for microscopical observation. The time required for performing the 
procedure is short, taking only 30 minutes, and was economical. Furthermore, no 
special tool was needed. Morphological analysis of embolized material proved debris 
dislocated during the percutaneous intervention from atheromatous plaques. Thus, we 
have identified the composition of captured material to be organized debris (Fig. 2D), 
lipid-rich debris (Fig. 3A), fibrous debris (Fig. 3B), calcified debris (Fig. 3C) or 
thrombotic debris (Fig. 3D). The area of filer membrane was quantified and 43.5% of 
the area was occupied with debris or thrombosis. Although the advantage of the filter 
device is continuation of blood flow during the procedure, blood flow is occasionally 
reduced due to plaque debris or thrombosis (3, 4, 6). In case of no-flow phenomenon 
during stenting procedure, 88.5% of filter area was covered. Additionally, in three cases 
of slow-flow phenomenon, more than 50% of area was covered. Taken together, 
occupied area influenced blood flow reduction during stenting procedure. As shown in 
Fig. 2H, thrombotic material or cell adhesion to the filter membrane emphasized the 
importance of antithrombotic agent to prevent this phenomenon.   
 Recent radiological development allows us to evaluate component of the 
carotid plaque preoperatively. For example, angiography shows irregularity or 
ulceration of the stenotic lesion. Hypoechoic lesion on ultrasound is considered as 
vulnerable plaque. CT angiography is feasible for detecting calcification. We have been 
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characterizing carotid plaque using high-resolution MRI comparing with samples from 
carotid endarterectomy (8, 9). Recognition of the imaging features corresponding to the 
histopathologic constituents of carotid plaques associated with increased risk of distal 
embolization during endovascular intervention would be very useful before deciding on 
therapy options in individual cases. Since distal protection is not always guaranteed 
because of possible fatty shower embolism, carotid endarterectomy should be 




Carotid plaque debris which were captured at stenting were HE stained and observed 
under microscopy. This simple method allows us to better understand plaque debris and 
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Fig. 1 Debris observation procedure 
A: embolus protection filter 
B: Removed filter membrane 
 
Fig. 2 Case 9  
A: Lateral view of the angiography showed high-grade stenosis at the origin of the left 
internal carotid artery.  
B: CT angiography demonstrated high density lesion at the stenosis, indicating  severe 
calcification.  
C: The plaque was demonstrated as isointensity with high-resolusion T1 weighted MRI 
(arrow). 
D: Angiography after embolus protection filter and stent navigation. 
E: Angiography after balloon angioplasty and capturing the filter showed satisfactory 
widening of the stenosis.   
F: Microscopical observation of the embolus protection filter.  
G: Organized debris 
H: Blood cells adhesion to the membrane. 
The pore (100 μm) allows for quantitative determination of the debris size. 




Fig. 3 Debris analysis 
A: Lipid rich debris  
B: Fibrous debris 
C: Calcified debris 
D: Thrombotic debris 
Original magnification X 100.  
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